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(57) [fi»] 

[Sft] SFaScDGa, A 1 Y In,.,., N£f£fi-r 
2. C i K «fc <0 . ^tt<0{ fc^Ms«W«R7-*««r * C 

*wr*<b««MM*(*«*« : F«:*jir>'c. swas i c 

*&© (111) IlKGa, A 1. I n,.,. T N (0 
2S x s i . o^y^i) *«<h*ffa-r SfeUffi** 



////////// 
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4 

2 
I 
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(2) 

1 

i&>mi ] mX&s i cmut, co&Miks i c 

W&<D (111) ®±{C^RKSn/cGa, A 1 v In 
,_„_, N (OSxSl. O^y^l) »£*JM«-*e 

[IUJ0B2] iWIBGa, A 1 T In,.,-, NB©gm 
SBpS'C**). C©Ga, Al, In,.,-. NB©± 
CC % nIGa, Al, I n.-.-. NWOTWBS**^** 
IfsJcJl l ccfB$BC>fb£-$5**&SH% 

[IHJJ0H3] liufBGa, Al, In,.,., NS©^m 10 
SBpSt*"), C©A1, Ga,-,-, In, Nl©i 
K. Ga, Al, In,.,., Ni^niGa, Al, 

In,.,., NJg*JJK^JS3n-C^S»*«l«:gBtt© 

[S»#*4] *&<t, C©l«±KMSnfcGa, 
Al, In,.,., N (QSxi 1. O^y^l) Hi* 
JWfU. buIBG a , Al, In,.,-, N»©«Ei»l*I 

[i»*S5 ] flnassfczs i c*»e>&*iM3i4,cia 

[IS*«6] WIBSffiO. MSG a, Al, In 

NH***Sh*WttS iBr**IWta5B:E 

«BeMb£tJj^#*^. 

±tC*g^©Ga,A 1, In,.,., N*>6&4^?7 
r M jW&J« StlfcCi 1 1 £W#« 4 ,cf B4B©fb 

iKMSWcpSGa, Al, In,.,., N (O^x 
£1, O^y^Dlt- C©pSGa, Al, In 

N (0£x£ 1. OSy^ 1) ■±K»l*Stite 
nSGa, Al, In,.,., N (O^x^l. O^y^ 

i ) m t owf* zctzzmt -r s<fc£*MNW* 

[»«JB9 ] WlBpfflaMtttSRBpSS i 

8 tea ?m<Dfc&®¥mwm- . 

[fi#JS 1 0 ] ftTlB P Wg&&M$LVmU P MG a , 
Al, In,-,-, NIStliJS^MOffi-tiR^nMGa, 
Al, In,.,., NBiK-WOWfcWP**^^* 

[#feBJ©f£fflfrt&HJ] 
[0 00 1 ] 

[0 00 2] 
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pg^O-^Tl^^lC. ffiJ£iaCDpS^* i #?>^ i: < 

fSffi{b**BiiT&S. 
[0 0 0 3] BP^. WMJ;^. «*«GaN«83HI. 
Ga A 1 N§?77 Fli-fS^^T-DSU- !f#t 
jt*WP3*VCt>S**. d(D«^. ^SlfeftBKlEflDii 

^>i#^.6n-Cte0. ii^O. 2mn*Ig©«<<>*7 
[0 00 4] iC?.*!. i'^'^FlB^IK+t'JT 
fBSJCfcfttf. WIME. GaAlNiGaN%i'©Ht 

20 -CabSCi^JWL-fco b^U GaNttCtvifS^ 

[0 0 0 5] A&ffJK. GaNB. flllLh. tt^-^K^ 

^T-frtGaN»tSMa*fli9 9*. Oft 
Z<Dtc#>. IStGaNCtS 

[0006] W*.tf. *£H.J&fi&£ b-cm*lit'^ + ~> 
+ (VPES) #«t>6nSH6KB, 1 0 0 

£|ggffiJt£fii* (MOCVDft) (CJ:0, *«±(C(g® 

(SSUfcGaN©Xi^lHl5ritiI»K<. #&8£L>"Ci» 
40 ^©^PSa^&b-Ci^S. MOCVD)SSKts,>tfc 

[0 007] — 3Jt\ pMSSOt5tn:<Dra®«:*f bT«. 

GaN«:*-T-t-A^MS4b^0. ^r§tt^S» 
ip-Cam-r 5 C t *C «fc 9 . fita^^iflfCffiTT* # 5Ci 
^fg^Stl-Ct-^c b*>b. C©*j*"CI4R»tt»tt© 

T555tTB. +»ac«S*'T« : r- J 6«AS** tc »* 



(3) 
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n;M<&£i&*0T+#&{g&ta<b£^TS«:«8 0 

tooo8] h«c. mmnvpmmwnhtixk. mm 

[0009] 

[BwasJS^LJcsi-rssBS] coi^K. GaN 10 

[0010] 3p^Dj©@B<3{i. ]S D D D S©G a, A 1 » I 
[0011] 

itsmzm®:-? zTctixo^m (mxmi ) b> 20 

;£dj&S i Caffii. C<Dtt&S i C*«© ( 1 1 
1) SJbtcJ&iKSflfcGa, A l r In,.,., N (0^ 
x^ 1. O^y^ 1 ) Mi^JMS-fSCiSrl^i-f S 

[0 0 12] (M3&94) tt. C 

<D*K±iCJ&£<*ftft:Ga, A 1, I n,.,. v N (0^ 
x£l. O^y^l) R&feJMlts. lt£Ga„ Al, 
In,.,., NH(DSSt*t[fil-r4iBSB*SN®-C*SC 

[0013] JE«C. *«W (»*fll8 ) tt. Pl«ttt 

Al, In,.,., N (OSxSl. O^y^l)®.!:, 
CCpSGa, A 1 , I n,.,., N (O^xSl, 0^ 
y ^ 1 ) JiiiC^J&Sti/cnSGa, A 1 . In,.,., 

ncosxsi. o gyg i ) jBi*jurrac&*w 

[0 0 14] 

Iff IB] — «MC. fiRSJgtfnc^Pi*^IA3*i43aS«. 
2a»)K:^tte>tiS. loBfiSSipteSffiififcgJIi© 40 

l$gT^&»Wtt£tE#JlHi3hT^&t>GaA 1 I n 

[0 0 15] L#>U #»9J*6©WS©cJ:fttf. Ga 
N CDJ&fiiag** 1 0 0 0 'CtLh 4 JSC » A:* v fiXSiag"? 50 



fl3 n£l£ti[©*S5#«St££ ©*£ &&05I5*©^«: 

ft. C©*SSB> J&gffitf$i<4©S8tf£U*>-n><!:#x. 
6n-5 (0 00 1)® (CM) -C$>£*§^iUi#K:5I^ 
-c&S. fie-c-r, GaN3Hb-£*5©i§^«:«> XRS<£i£ 
©fc«{>K:BtfrF-5££S[«fc 9 fci* b 

[0016] 6 H- S i CttaSJMfi^Ga NilSJG/N 

±«:GaN)i*RS;S3#-&C<!:*iS**6nrUS. 
U 6H-S i CiKJiSfiLfcGaNJfa^XPStt, 
Bi*^lft*>-3fc. Ctltt. 6H- S i CiGaN© 

i C-CfcSL^S-e&SSC-S i C© (111) W^W- 
?T&:£ftK:feW &JRJgn& G a N © a WC JRftt^Flfil K 
feW &MUK9I4 tt#»CCfiC». 

[0017]EliCGaN43C-S i COMBL (T) 
IcOTSttTfiSKtiDKf b (da) fc^T. ESgi&K* 

mX-\*. xffC*SGaNIi3C-SiCiSi© 
JSUK5SMK<fcSS« 0.001 %OTT-*> 0 . 3 C - S 
i Cft»Kib"t:ffl«,»&CiecJ:Dv xtB:XRSSg© 

[0 0 18] $fc, 3 C - S i CMC* "3 , f& 

TSStfcO. 4 3 6nmiMW ( 1 1 1 ) ®"Ctt 
tS^f-IfflOffiSIt* 0. 308nm-CS>«3. Ga N©tfr?-fe 
$fc-C*&0. 3 1 8nm&i&t>. ^CT3C-S iC© 

(111) B«CGaN*JSRft3-tt*CiKJ:iJ v 
-CitftWO G a N % fiSS-T S C 4 t H Z> . 

[0019] Etc, »«£xb'®£©fSyg3g^K:i:52 

[0020] S/c, c©J:^«cxtfji^ffli,>r^ 
oi££m.<D&yem*zftf&-rzm&, ±a©«t 

Jt>5/cA«:»il>^c< i t> 1 )im©iSM>ft*?.. C 
tricfttU 3C-S i C«R<D (1 1 1) BLfaKGaN. 

6K+»41'7? FUJl^j^-rSC <h*iol^r«>S. 
G a N <t A 1 . I ni©SS4>, G a N iBJ&tD^fb^ 

[002 1 ] Sfc, ^Tffll^nSGaN, Al 

n> i n N^?©m - v«Ht^»«. awmotSAn 



(4) 

5 

3B**ru »», »as!aaBitts (iooo) bk^ 

ge-f •5>BB©2aS©B:£&# s *£o im&^<ow$t 
KJ:n«, G a A 1 I nN(J, J&fefrrfiJ&C** l/t^i 
©B«c ABAi < S<fc 5 (tJ&ft^Tfc 5 t . H^tcJ&S 

ffirJ©B{c BI*i < -6 <t 5 fd^fi^ffc 5 £ , Zl^CTCtSS 

mffi/cLfc. S£oT. C©<fc-5tt&$f&GaA 1 InN 10 
i f £ * ^ i> Jl'B^CC p n g^WT fr&^^ffc 

[0 02 2] CCtMOi 5&3 C - S i 

m^tcm^. m2 (a), (b) tc^-rj:^^ sic 

«S iB£CB£©ESlJ#BJ3fES#s, GaNIt Ga# 

s i (emu N*5C(c*n&rs 0 ffie-p-r. s i cmm. 

©S i ItC BW^NM^Wttiai L , )£SBa j AB£Sc-2> 
J:5fCGaAl I n N?:lSS§ti'5C b^. C 

©fc#>, HflcftKO:. WtttaiBKS iB**rT<,>£S 20 
i C »g±«:^ft]©«W&£6S;-ex e £ * ~> * 
S3i*.&C *ffiM©B«:BBrt*< &«k SKffi 

[0 02 3] HK, t^y -fTS«±«:GaN£W«£ 

i^T^^r^ffifirs^, j&Raa-e** iooo 

"C«a©«iSTt?«> *7 y -^SffiatBKA 1 

W**«SB#BB£&&fc«>. Ga 

J&£B#BB-C. NJl-y-tfaBtcr&tftg 
fiSSBA^ABrm ^TnS^Btc-C 
^.«*s^-C&6 0 MiX. V7r -TT»«±«:Ga 

g3t, M^&pn&^fcffSfcfetai. *SII©S&£ 
SlfffilOtsSSB^AB t-Ti C £***§-?£>£. 
[0024] C CT. If 7 r -TT^CD^ttSS-htCG 
aNtfOin -VMb^BJ£j£g3 -£-&«-£©*£&©« 
tt«« gW^S^»BK:5R«f-r57C^^III ^7C^"C* 40 

«tntCB»l/yti*«:BAffi36JflEaffii*C-»r. Ill Wi 
^#&*ZJteK*l<fc££K:«BB#*J£aB£&£. 8£ 
or. ±2)CDi^«:. j&gB^ABi-rSKW. in K 

7 0 0 -C&LT. »* U < « 6 0 0 'CJ^TfCS: 
^'^T-liffiStSCi^ LA*, 50 
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[0025] *^{cfc(,ir. ±^©ffitt*(lffll©fc*© 

trl nN. GalnN, Al InN, Ga A 1 I nNf 
*m»fcfJte\ 6 0 0 °C«T©'IB©-CfelS D a a»©#^^ 

©ifcgaJoJtfe-r&o. cct, 0 3 

( a ) . (b)B, f^r-f -H£«±«:*ggJ£fi UfcB 

^©©M&SGaNa^^-eti^-r^Ei-r'*^.. m 

^tn-SiiO. *®±CCiffSGaN5:^S$#Si. j£ 
fiB**BB£&<3. — /^7rI^UGaN4 
J&R$-t*-££. SSIBAIi^^> 1WJKBION 

M^ftinj-r § C £ #fr#> S . 
[0026] _h&© «k 5 «&«ftTOPU 
Ga, Al, Int.,., N©ifI*fiSfi*|S]«:*fbt 
A B#J££B i&5.t5 icMVi WCClSS SttiCiKJ: 
n>T, «&^2*#?RSlftto«4>U jg^KOGa. A 
1,.,., In, N^©fSft^"5Jfigi & 0 . cn*fflt> 

t£**oJ1i££&£. 

[0O27]»fe, CC-CCOj:^^P!iS^tt5 

Wocfci^r. j&K-f &ifSII©®tett. RBS (51f7* 
[0 028] KK 4 J: 5 Wfc-&«J*MKt*^--C 

». *t±m©j:5k:. mm<Dpmm*mz>tc#>ic. 

fb^Sfttf'Sfca&KB. ^^^©^©KOiASn^ 

^ MOCVDljSSL'fcGaN^rS I MS^tfl/fciC 
^©TK^igAL-trfcO. •?-©7K^* i pIF-^ 
> h ©f£t£fb^£{£T 5 *>© btiZ. 

[0 02 9] CC-C. ^S4ifClR^jZ i ^n-5>^!g!lti. 

C5*J, GaNtfi©*^*, RWPKISftKBlOiiin 

[0030] ftimm-cpmm&?kiKtcz t i$ti*3:^£ 

t,»-S©-C. fiEft©Si^®|ig-Cn^JS^*+ 
fjSSS-&-C, »3p»«rpgW*!*jR{c3&3*ifclr»J: 



(5) 



<&H¥6-3 26 4 1 6 



StC-rSCtCCfcO. p§^<^©*JR©lX9i&3:*vS:fl> 
fc$?-Cl£. — ftMCttft&KCnSM. $t,>TpI2JI#J& 

[0 03 1 ]ftfc. iI5S> Ga N©p§9g 

RO*igS7'P7 t A ;U©$l]$iM> s SI L/ < Blt-C*2>fcA. 

P n ^<D^fi£tCW@SSS^5Ci2C^g$ -CSBflD ktt W 10 

twit**? tiifi^fc. Lir>2>ic. t©<fc V«rSiigK©Mg 

[0 0 3 2] tCZAK 2£fHB#6©¥F?S&C«fcfttfi M 

g «as»n©*?*{c «t q $ijigpi£<fc < jssflnr* c i^tB-c 

45Ci*5b*^ &Sfl©^ni#i&g&W*itf> *£Hai 

tc. pMJg©±KnSJa£j£B£tf&C£tf«Ut6tefcft 20 
«. ±M<Oj:^ic K p^^©*5g©m9i£*tt#?>&i> 
U p^F-^>h©r§ttft^aU:#-S©^ 

[003 3] JWfrfftKtt, pSJ!£J£S3 
7yJiK:fcMg£?&i?sfifll<"C;fr'6Mg£ F-:/0fcp 
SGaA 1 InNI4)SS3t, -e©«> Si*K-^ 
IfcnIGaA 1 I n NJf £J&R3tf*. CtiKJ:*)* 
i^ijag-epMa^TkfgtcS^Sn^^ifc*. {£*££x© 
pSGaA 1 I nNH©Jj££# 3 ' s JHt2£&$. 30 

[0034] gfc. ; ?«t>^cS«)MgM*4 ; &«*&b-C*J< 

©^*jq«ttH*4»*«a[© l /2 OTCc$flW5j«Bi 
fc£©-C> 5 C *^-©W*tt<k* 

Ci(cj:0. <gffi£i©pSJI"Cp n^^RSTSCi 
[0 03 53 et-tl&9J l/fcttff «: . ffigln© p mMM 40 

9 0 0 -CtiT©iaK-CWii>^ <, 700 WFCttKH! 
a&attiJfcS. — pSB©filn*±SS-l*6*«JM^ 
©SA«> 8 0 0"C«T*6W*0. 7 0 0'CWTtB 
Sgti&S. fto"^ »SSiag^6. 900~7 00*C 

J: 9. W*ttS«©BIIBii*5S©»Ai*^^R'Jf3" 



[0036] C©2f&{*. &*ftfflK J: 9*5&£KBa3 if 

[0037] fcj-h©<fc 5 fi5S*5Ta©?^93aS^ . 

gtcfctt*^©l&Ift£*f&©©A*ISI$KI»<* Ci*5 
UJ3fc. <gfi$irCigp D ag©pSGa I n A 1 NJI©j£«*>i 

[0038] ±i£©J: 5&<£iSta 

[0 039] -r^ftofe. GaNH. fi£*. t^y-fi'g 

Sfcist). 1f7r •Y+a®©±{CnMGaNJl. pIGa 

GaNJKCgfcHM£JfcJi£U nSGaNiM^'pSG 

K. «Sla©pfiGaNJl*«±a«cJB«r.*C4«JH 
S-CAiCi^fflfii, tf7T-Y-V-»«©±«:pM 
GaNI. nfflGaN»©«UC]S»S3'li. pSGaNM 
CCKHJffl&Jftj&U pSGaNIMtfnaGaNll 
CCtt«&&J£*'SC£# t **.&*'iS- Ufr&K. p^G 
aN^ttnMGaNHJcO^-S^tCjgtn^m^ce*. « 

SfcJSpiGaN H£ KiBPtfrffl Kifctt S C © J: *> ftfiti* 
rtt. Sift#pMGaNlf£i£4-l£iiI8ga i g<> *■?•© 

is - xaaw* < tt *) . wmikmihp*** c £ # a 
t©3 f bm.mm< . c©js-c*>i».^* 5 * 

•5. 

[0 04 0] CftKifcfU *^W"C». it^T'fi'SS 
©Kt>0 tc P a^SttS«*ffll». C © p li^ttSg 
±KpSGaNl. nSGaNJB©(li«:fi£S3-l±fc^ 
^itil/fcc^tcJ: 1 ?. ±^©Wgi*T-<rft?^T«.c 
<h*sW*4. ^ftt>^. C©3R^«3§{Cj:nW, nil 

+ uxmtz pSjaMb^ffiigct-cfc-s 

^ ^. . mtc p M^tt»«©SS±R«>' n S?G a NB± 
*>opS^"C^SK**MJl^isj«:?&-o-cijJ5n-5fcesb. €■© 

i^a^is^^^©*^* 5 "Jt^ <t ft * . 

[0 04 1 ] 

[ 0 0 4 2 ] I214« > ^Bg©— H^09K:^€.^^l^ 
-if©g«BS«lfiXSf 3 C - S i CS« 1 ±tC. 1 
(imOfSOGaNA^Ti <T> 2, l*i 

m©i!3©P - Ga A 1 1 nN*6%5i'7"; KH3 



(6) 



(MgF-^, 1 x 1 0 1§ ~1 x 1 O 1 ' ci-fcatf 
IxiC'cm"'), 0. lnm©JI3©r>F-^G 
a A 1 I nN*6&SI*14, RCfl Mm©J?3©n 
— G a A 1 InN*>^f7^FI5 (T>F-7'& 
S(,»ttS i F-^. 1 XI 0"~1X 1 0"cr'lti 
*.« 1 x 1 0"om- ! ) *sj(0aeaS3ft'C*J9* **i«e 

SiO, fr&fcSWiMIitJB. 7. 8tt#JR«g&*tt 

[0 043] CCD^W*U-1f"Ctt. ft^^GaA 1 I 10 

G a A 1 I nN*6ft**^» FB3^©*&©BX*)j£ 
ftSWfSCiilS'C*, <gffitfi©p -GaA 1 InN 
frhUZV?"; FJB 3 & S . -e©*£*. 

[0044] *fc> pSRO'nMGa A 1 I nN#>e>& 

a>» 4 K*»*«WA< &Af sci wffiia 
D> &3fca*©fl±*0* 

[0 045] H4K*ri-*tMtu-if *WiTS 20 

KfcOT. £B£»1 irttc«^^5»Ani 2*>e>M**ift 
*Sf«ni 3*»%»»sn*. kiwi irtKtt, *- 

sJOHO-tf-fe:/* 1 4**EK;5*vCfc9. i#ft**£l 5 
«C©1f-feX* 1 4±{C«gSft*. 

[0 046]Sf> (1 1 1) ffi©tftfcS i C**g£l* 30 

mmfoi sth-cwf* 1 4±(ctsgTa. -tfxmx 
mi 2frh-mmm*.**&fti >; » nu©at*e*A 

StaL-CWEK U rt§P©)E^^ 20-300torr 
©ISHK:sa:5£-r&. 
[0047] 3W»-C, SSSS*4 50-900 -OCR 
NIRRtt/tONH, *f^iit«:. 

Mt-^JiU-CW, CTAliAl (CH, ), ifcttAl 

(c a h 5 > , . mm^mGa{t^mto-at. ma 

Ga (CH 3 ) 3 *fc»Ga (C, H, ) , . 
I nft^iiO-CB, MX.GK I n (CH, ), XBIn 
(C, H 5 ) , . NlSittB, NH, #*©«tfC. 

W*.«N, H, , CH, , N 3 . (CH, ) , NH, . 

c, h s n, ct*»aat*. 

[0048] C©£*. F-e>*fcfT5W£«:ttF- 
•Ct*. n^fcl/CS iH, ©«fc*fcS i**ffc». S so 
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i (ch, >, <D*'ntm9&ms uteto* H, Se 

OJ;^Se*»> Se (CH, ) , ©J:5tt*T« 

L,rCp, Me (S/iro^>irS?xr.JI/var*5/'5 
A) . MCp, Mg (yf*V*B'C»J?XiJl^i' 
*3/9A) . i-PrCp, Mg WV^jatVUS^B 
^>$»2>i.=jUv2'*S">A) ©j;^ft*«^)SMg{fc 
£«. Zn (CH,) , ©<fc Vd:W»£JRZn{blM^ 

[0 04 9]W*WKB, @4K^tfiftU-f©S 

M*4iL/-CNH, 41 X 1 O-'mo 1/mi 
n, Ga (C, H 5 ) , 4ixl0- ! mol/min, 
In (CH, ) , 4ixl0-'mol/inin, A 1 
(CH, ) i 4ixl0' l mo 1 /m i n©SSS"C^A 
L"CI**«T-*fc. «Si»t»7 0 0-C. IKB7 5 t 
ott, JRH*/*©t«tttt 1 U * F Jb/m i nil 
fc. F-'*> I" £ l/Ctt. nSF^OKCSi, p3? 
FwOFKM?%ffi^. S i (SiH.) 
^ MgtJi'i'a^^^y 31 - a (Cpi 
Mg) **ti*tm»^fcBA , r*ctKJ:»J F-7* 

Lfc. 

[0 050] c©«fc^KL-c»6*vte*»»u— iff a: 

^fc'vfcHl/tWHHW 0 0 (tffl©l/-ir*f*iS 
C 3. tftMBRaK-C'''*^* 1 0 0 u s e c © 

[0 0 5 1 ] *IHSWK:*5t=>-Ctt. ^?7rStltG 
aNtHl'fc*. pSGaAIN, XBpiGaAl I 
nNt«*8*ttJ:lr>. 

[0 05 2] 06»*^©ffe©^W c ^^ LED ® 
■tfB&tffifcEI't?**. 3C-SiClt21±(Cp-Ga 
NA?7rl (10(im) 22. p-GalnAlNJf 
(2 Mm) 23. n-GalnAIN (2um)H24 

[0 0 5 3] H6«:^-rLED«. a5K7r:"fER^§ 

[00541 17B. C©^iS^lK:j:SLED5 1 ^7-3 
1%. u>X*iEta?t«f)IB*--^3 2K»*^>«K» 
#JHW 3 3 «F^§P U— F. 3 4 ttiW 'J - F 

[ 0 0 5 5 ] m 8 «. *«?B©<fi©*«i-WKff 5*3»ft 
U-1f©SBB«l(RH"C**. 3 C - S i Cl«4 1 ±CC 
GaN'<»7rl (T>F-?') 4 2*U ,zm©^$0C 
J^fiSSn. *©lKn-GaAl I nNfptbte&f 5 v 
FB4 3 (7>F-^WJSiF-7\ 1 x 1 0 15 
~1 x l 0"cm o ffl«lx 1 0" cm' 5 ) #1 um 
©iSSK^J&Sft. •e©±JC7>F-7'GaAl InN 



(7) 



6-3 264 16 



11 



12 



K.^<D±K.p -Ga A 1 I n Mpt>1&Z>t>^> ■? FJ§4 5 
(MgF-^s lxiO ,, -lxiO"cm-'Mx.(il 
x 1 O 1 ' cm"') ifi 1 *zm©J13(C©t£3*Vd>&. S 
#M^4 6(t SiO, #>e>fc-5Si£&R±ja. 4 
7 . 4 8 li^JSSS*-^^-? 1 ^^"^. 
[0 056] f GaN^977lS 

£3>OT. £-7? FBT&SpSRi'/nSSGaA 1 I n 
NJa£l Mm©J*3&Cff2j£^SC±#tHfc£©-C. ffcifc 
«{C«i££^J!i<aAT*t£a^ffe±&«). 

■tf-CW. p-GaAl 1 nNi©lKnIGaA 1 I n 

•3. p -GaA 1 I n Ng^cOTk^^Oii^Eftlh-r 
SC£#-e£, {SJStnCDp -GaA 1 I n NJf©J&&# 

Rising -5. 

[ 0 0 5 7 ] 0 9 tt. ^^©Mtcfl&O^SSfJK^-S* 
aSftU— tfCDfelBS«RSS-CS>S„ (111) M©l±lfc3 
C-S iCSf5 l±KGaN^?7Tl5 2 (T> F 
-7") #1 /im©J¥SK3KS3i"i. *©ifCp-GaA 20 
1 I nN*6ft5^7 7K15 3 (Mgh*-^> lxl 
0»~ixl C'cm-'^atfix 1 0 17 cm"') & 
1 ym©Jli* (CAM;* ^©±K7>F-^GaAl 
I n NA^fr-S^tlH 5 4* s 0 . 1 ymCDJS 3 
-?©±(Cn-GaAl I n N#>6ft£ ? ? v FJf 5 
5 (T> F-^Sl^tiS i F-^. 1X10 ,5 ~1X 
1 0 1S cm-'feiitfl x l 0"cr') #1 /imOS 
£R3l&$*l. ^OiKp-GaAl lnNA>6&51 
ifcfflltja 5 6 , n-GaA 1 I nN*^j:$ + t ~> 

5 7 755-eti-en^sn-ri,^,, #m^5 8, 5 9« 30 

[0 05 8] CO^lfeWcG&S^iittU--- 3 C 
-S i C*«0 (111) ffi±^CGaNA ? 7yJl«:m 
iSlTl>5fc*, fi3£{4-CHfa a d®©GaN?:^ft3-«f* 
CtrtnH**, ^7^FlT*2>pSa^naG 
a A 1 I nNJf*l u m<Dm2 lCfcf£Vtctcib x mtM 

[0 0 5 9] CCSISS^fC^-S^^U— !f£05 

[0 06 0] tf, (Hl)ffi©ffifc3C-SiCl 
g^if-feT"* 1 4±tCSSBgT-5>. **^*A® 1 2#><=>iff 
Jf€S7K^^«^l SJSlrl ll*I<D*5*£g& 

tftU KiMfl ll*3*$iEEU rtS|5©JE*j£2 0-3 0 
0 t o r r ©S5fflK:g:S^"£. 
[006 1 ] #:^rS«iB££4 5 0-9 0 0*CCC®T 
gttfcf£. H, ^4NH, N, H, #*&£t> 

«N?r$t?W^b^J/c<!:^{i (CH, ) , N, H, K 50 



W*) W*. Z> W«JGa^^fci^«Ga (CH 
, ) , *£miGa (C, H, ) , £i£ALTJ&B£?f 
5. ^K«iAHfc^!fctiHAl (CH, ),*> 
SOttAl (C, H, ) , . ««I n-ffc^fcix-tf I 
n (CH, ) , n (C, H, ) , €r^AL/T 

a i , i n©as»n£tf 5. 

[0062] F - £ > ^41f 5 ii^tttt F - £ > ^fflU 
^felSi^CC^A'T'S. F-t'>^ffiJg(*4£ LTtenlOB 
£l/TS iTklSfbgSfctiUa'S i H 4 <fc*Utt*tgS i 
{fc^igJ/ctiLW'S i (CH, ) , . pSfflil/t«®M 
g^/tiiKfC, H,), M?. (C. H 7 ) , 
Mg&Sl^ttWtgZntt^ia/ci&fcSZn (CH, ) , 

[0 06 3] Jttt&KCtt. 09«:7jVr*2g<*U--?©SS 
iSKte. JS^£L/-CNH, £1 x 1 0- s mo 1/mi 
n. Ga (CH, ), * 1 x 1 0" s m o 1 /m in, A 
I (CH, ), %ixi0-'mo 1/m in. I n (C 
H, ), SUlO-'mo 1/m i njgAb-CJ&KSt*- 
So S«MS» 1 000U O76torr, limrt 
X©8Sittll/niinil/fc. F-'OH*. nS 
F-'O h £OTS i , pIKwOFil/tMgii 
Ofc. F-^*>hffl©Jl*4iL--r. Si (CH,), . 
Cp. Mg4fil/fc. 

[0064] &%im<D*m<D%sw n^fflHW-r 

KB, 8 0 0"Cft^l>8 5 0°C©i&^$-r?«T>*-T 

[ 0 0 6 5 ] m 1 0 IS. *^©ffeCf>HS6^d(c#-5>*^ 
ftU— tf©mif>£0-C4>4. (Ill) H©ffifc3C 
-S i C*«6 l±KGaNA 7 7 T I (T> F — ?') 
6 2#1 MmCDJ13tc^fiS$n. ^OiKn-GaAl 
I nN*6W>5? FH6 3 (T> F-f *4l>ttS 
i F-7\ 1 x 1 O 1 '-! x l 0"cm-'fcaiol x 

i o 17 cm- s ) an umomztcBi&zti. -€-<d±{ct 

>K-^GaAl InN*e.tt4ffittl6 4^0. U 
mCOJfSJC^Stl. -g-OiJCp -Ga A 1 InN^6 
^^7>FI6 5 (Mg K-^, 1X10"~1X1 
0 lt cm-' tctx.it 1 xl 0 ,7 cm-') *i 1 umCDJl$ 
tc0fS3ti-Cl»S. 04>. #ffB*J#6 6. 6 7«^Jim 

[006 6] C©^^K:^S^<*L---tf-C«, 3C 
-S i CSfehtcGaNvN'y 7 TB?:/tL/-C. >7?F 
jat?*S pSSR^n^Ga A 1 I nN@5r 1 wm©S3 
CcBeSL/Zcfc*. ^®«:SS£«r^^< ?£A-T SC £ 

[ 0 0 6 7 ] S 1 1 H, #^BJ©ffe©H^#lK{fcS¥iS 
(*U— !f<D«WS^RKC3-C&S. (Ill) M*sflB-CC^ 
3C-S i CStg7 1±K. GaNAW7 r | (T> F 
— ■?■) 7 2dH Mm©JlS«:0R£Sn, ^©±«:p-G 
aA 1 I n WPhUZtV'? v FJ17 3 (Mg F-7". 1 
x 1 0 1S ~ 1 x l 0" cr'fcix.«l x 1 0 17 c 



13 

m") an umvmzicj&f&zti* *G>±K.T> 

GaA 1 1 nHfrhttZmmi 4#0. 1 Mm©©3 
(CjgJiSSft, MCc^-co±{C n - G a A 1 InN*665 
^^^ FS75 (T>F-7'*SCHJS i F-7\ 1* 
1 0 16 — 1 x 1 O 19 cnr'fciiUil x 1 O'^m' 1 ) 

7 7 l*&mn&*7Trt. 

[006 8] CC^igftU— «fT«, ifeOGaAl I 
nNS^nSi OX^Ztctb. p-GaAl I n NJl^ 
©7kift©IK 9 J»ltr £ C t # . ffiffita© - 
GaA 1 I nNI©fWi-C*5. -?■©*§*, Af« 

[0 06 9] lfc> GaN^^Tl^Lt. 95v 
Fi-C$.5p2StfnIGaAl I nNMl /tmOII 

[ o o 7 o ] m i 2 ii*&w<D&(r>mnmK.&:Z¥m# 

U-1f<Dmi«tif^0"CA-&. (1 1 1 ) BOS i B©lH 
fc3C-SiC»R8 1±K:> 1 /im©J*3©n-Ga 
A 1 I nN^5-7rI82 1 1. 5 (im©i3©n — G 
aAl InN*6tt5*9?F)B8 3. 0. l/im©/I 
3©T> F-7'GaA 1 I n N*Pe>&£ffe>fcH8 4, 
1. 5nm©Ji§©p-GaAl InN^e>Wf7^ 
FJI8 5 5W&£3ft. ^OlKn-GaAl I n N* 3 h 
ftSWBltiSe. p-Ga A 1 I nNW&53> 
£^ Mi 8 7^BfiR3tx-CC^„ 0*. #Iff^8 8. 

8 9 «t,»-rn^^)i^« : &7n'r. 

[0071] CG*fcMfc«&**tti'--f"ett. 3 c 

-S i CSS© (111) MCCn-GaA 1 I n Nrt v 
-P r fetFf&$Ll>X.^ &/c#>. ®i£(4t?lg n D dH©G a A 1 
I nN^'2'7 7Jl^BSS$-&-2>Ci^tH*S < , f 
^^FlTft^pSR^niGaAl InNi^l. 5 

at c i fmmt tt 9 . »jte*&*©i«(-±*H3 c & ** 

ft, -Wfl^W^^O^WHfS'C* 5 C i*sft 

[007 21 113 tt**W©te©3W6Wfc«S**f* 

Z*ris + Jl/figS® ©Stt^flJ ^- 3 . S i iB#E£&ffi 
tCfflfc6H-S i C»«=&ffi^fc. 6H-S iO*fi9 
l_h{C. lum©JI3©GaN^777l (7>K- 

92^B£^n. ^©±Klym©IS©n-Ga 
A 1 I nN#»6ft5*-7* KH9 3 (S i F-^*> Ififc 
EE$n. -e©±CcO. 1 ym©J53©T> F-^Ga A 
1 I nNfr6ft£&%JS9 4#&£3ft. HtC^©±K 
1 mn©I§Op-GaA 1 ] nN^e^l.^?-/ FIB 

9 5 (Mg F-7*) *s^jjR3ft-ri>S. 0<K 
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9 6B. n-GaAl I n N*6&£-®"iEER±B, 9 
7. 9 8 ti^JS^eSr-e-ft^ft^-fo 
[0073] C©^*U-1fr«. P-?7»F19 
5 ©±fC n -ttftlflllJB 9 6 ft. P-?7»F 

[0074] a 1 4 b. y&mi<Dm<Dmffimic%z>¥*g 

-If ©WMIt:^ £„ S i B#Wfc 6 H - S i 
Cltl 0 l±KGaNA^7l (7>F-7") 10 
2#1 um©J»3«3E"i$ft, ^©±Kn-GaAl I 
10 nNfrhts:*??? FJB1 0 3 (T> F-7**£^«S 
i F-^, ixi0 11 ~ixi0"cm- ! fcii«ix 
1 0"cm- ! ) #1 wm©)l3(c«Sn, -€-©±K:T 
>F-^GaA 1 I nN*6ft5^il 0 4*50. 1 
/im©MS«:^EE§ft. ^©l(Cp-GaA 1 I nN* 
6.^^7^*110 5 (Mg F-7*. 1X10 16 ~1 
X 1 0"cm- J fcii«l X 1 0 17 cm"") # 1 Mm© 
/JStc^SftT^S. fa*. #JBff#l 0 6, 10 7 

[ 0 0 7 5 ] C ©«t^K#4*g» U - If "Ctt. *5 
20 vFS-CftSpSS^nSGaAl I nNg^Um© 

a. 

[0076] ifc. Mf5iW6^-C«. 6 H - S i CSS 
SrJBi^T xK$^>t ;uii©flat£©iM®' ; £r : fT& 
1f7 y^T^^©53«©S«£J8<->r <£><}:<. -e©^ 
015. 16. 17tc^-T. ftfc. CftP>©^5SWc*5 
t,^T». offtfeiBflKDSttSRBS-CWBLfc. 

[0 07 7] 01 5 B. JTWfo^m^-fc^mM 

30 K#^^w-if©W#sS0^*^. f-^T-frl 

gl 1 1±{C. A 1 NA,7rBl 1 2%6 50'C©fS 
gfigTi&jfcU -€-©±{Cp-GaA 1 I nNA 1 ^ 
3>^^H1 13, p-InGaAl I nN#>6&£ 
«,FI1 14, GaA 1 I nN*ii=>^-5^c)Sl 1 
5, n-GaAl InN»6&5i'7i.F)ill6« 
^fiSSft-Cfcip. *IW*l/— ifjWIlJSRSft*. 0*. 
#{"§flF*ll 1 7«, SiO, a>6&£-S?MaltM. 1 1 

8, ii 9it±mn%^ti^ti^-r. 

[007 8] CG&m#U— tfC«, p-?7f FJB 1 
40 1 4©±7?«Cn-5'-7f FJgl 1 6*SJgfiS$ft, p-2 
7? FBI 1 4^©**©BX9i£# i £E'±l/-CC>&. 

[0 0 7 9] 01 6«, If^^TSffi^ffl^fcffc©^ 
J6taj{c^-S*#fti^— !f©«^»^0-c*^. *7 y -f 

T»«12 1±«:, A 1 N^?5ri 1 2 2*56 5 0'C 
©Jj£g£K-C^'jS3n. -&©±JCP- InGaAIN* 
6&£:3>3r:7 FJB 1 2 3, p-lnGaAlN*6& 
5f7? FI1 24. InGaAlN*fi&5^il 
25. n- I nGa A 1 HfthttZf v v KJS 1 2 6# 
JKWB«Sft"C4»0. !«rJ«jS3ftS. 0 

50 cp, #ffi?.^r-5f 1 2 7. 1 2 8»£Jl*@£'en^ft7j-; 



-r. 

[0 0 8 0] C U -If -Ctt. p-lnGaAl 
NH 1 2 4©±^«:n- I nGaA 1 N 1 2 6«#Jfcf£ 
Stl. p - I nGaA 1 NJS1 2 4^©*^CDBX'5ii* 

[ 0 0 8 1 ] 0 1 7 W. If 7 r TS^fflC^cJgtCffi 

7^7IS13 1±{C> n-GaAl InN^^Tl 
1 3 2£?&$U -5-CDiK: n - G a A 1 I nN#>6ftS 
f?=yv FJB1 3 3, T> F-T'GaA 1 I nN*W5 
IfcftJil 34, p-GaAl ] nN*^4i'7"-'Fi 
13 5*«^^Sn. ^©±(Cn-GaAl InN* 
<E>ft£m8fE3?ffll 136. p-GaAl In N*>6ft £ 
MB 1 37 jtf7f5)?X£*V — «f#t8J&<* 

ns. 0f . 13 8. 139 tt£jimg£^n 

[008 2] C -If «. 05K^f$Sg£ffl 

^-c. s4tc7nfiiiSfi«iiiii®^L-ciSi§L/irc 0 ^en 
[ 0 0 8 3 ] 0 1 8 «. *m}®i&<o3mffl<£&2>¥& 

#\s—*f<D®$&ffil&m~C$>Z>o p - S i C««l 5 1 ± 
tc, p-GaAl InNA^7ll52W3ti, 
•f©±Kp-GaAl I nNi 1 ?? FS 15 3 WtJfiXS 
ft. ■t©±K7>h'-7'GaAl I n N^tEJI 1 5 4 A s 
J^fiKSn. H{C-e<D±CC. 1 um(DJl$CDn-GaA 1 
I n 1 5 5*«3n-CI<>5. 0*. #RS 

}^15 6B. S i O, frhteZm&fBjtm. 15 7. 

1 5 s^jR^s^^ti-enT^-r. 

[0 0 8 4] c©^i*u— !fr«. isti/-cp-s 

iCS«£ffll>. p^@*pM«mi4*«*^L't:« 

[0085] 

G a A 1 I ntimZttMhS i C«ffi© ( 1 1 1 ) ffitC 

©GaA i i nKmvm&wmtte'). mm#m*<o 

U VgljcsSttfittiftSB®, -Tftfc>*SNffi#S1££ 
•^M^a^SWtCil&^U l&XPiOGa, Al, In 
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X?4>X1£ffi{ b&B -Set #tt*. ^gJSiSft^f* 
£ ft S . 

[0 08 7] KK. pSm^SL./t^KlnMJl^g 

urft?7X, ^jpiie-cpMa*^^{cse>§nft 

P gJf<Dffrj£#BFfil<tft£. L*>*k IfiibtpSI 

10 ii?»S@?SS^Sft^^^©*^pje6<!: ft 4 . 
[0ffi©ffi*ftitt^] 

[01] GaNi3C-S i COiSStcSt-rS^^ 
[02] S i CSS^iCS iliCii^-E-n^n 

ft s g a NJB***i-e*w"**&5£0. 
[04] *mw<D-mt&mic&z>¥m#\'— trovn 

20 [05] 04 (ctf-t^* u -if *ss*f &/c«>tc& 

ffl L./cfiKS^M©«fiX?:SiaS««:^-r0. 
[06] #&HJi©ffe<DHifc04K:<&5 LED ©11tli££lgf 
BSffJK:7rj-rKtS0. 

[07] LED^^^ftttl-^-^^asb^/ct^Ss 

*7^-rwffi0 o 

[08] *&w<Df&<ommmtc%*!m#i'--y'<om 

[09] *^©S«:[fe(DlliS«?iI«:^^^u-if 
©^?:SlBSW«:^-rKffi0. 
30 [010] %:m}®fe<D?8&W<£<%&*&& 1 '— 

[011] *:f|B^©ffecDjlSS^JK:^2)*«*P-tf© 
«fiS?:8iBS«jK:^-rKS0. 
[012] *^<DflfeCDSIS6WlK:^^*^U— !f© 

*8l££l&lBSffJK:^-rBfrffi0. 

[013] 2ts^©flk<DlB5gf?>l{C^2>*^ U— !f © 

[014] *^©flfe©SU6MtC0&2»*^b— tf© 
8tf£?:1g*BSffJK:^-r»rB0. 
40 [015] *^Bj©fteOjDSfeW«c^S*#*^--tf© 

[016] ^^©ffecDlDte^K^S^^l'— !f© 
8tl$£t§iBSffJK:jST#rffi0. 
[017] *^©ffe<D**Stf!l«:»4^{*U— !f© 

«RS*«lBS««:^-r»Tffi0. 
[018] *^HJ©ffe©^^|(c^? > ^tt:U--tf© 

1-3C-S i CSS 
50 Z-GaN'^'^Tl 



3 — *9 y FJS 

5 ... }p^y y H@ 
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